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(54) SOLID OXIDE POROUS MEMBRANE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid oxide porous membrane small in the amount 
of gas leak and usefully used as a catalyst carrying membrane for gas separation or a 
membrane type reactor, or a base material for a solid oxide fuel cell, and provide the method 
of manufacturing for the solid oxide porous membrane. 

SOLUTION: This solid oxide porous membrane is made from a metal oxide base electrolyte, 
and has a thickness of 10-1000 urn, a porosity of 10-65%, a mean particle size of 0.001-1 urn, 
the gas transmission amount of the detection limit or less of a helium leak detector, or 
nitrogen transmission speed of 1x10-11-5x10-5 mol/m2.sec.Pa. The solid oxide porous 
membrane is manufactured by dry-wet spinning or casting in a doctor blade process a 
membrane forming solution comprising a polymer material solution in which metal oxide base 
electrolyte powder is dispersed, and dipping in a gelling bath to form a membrane, then 
baking the obtained membrane at 1 200-1 600°C. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Solid acid ghost porous membrane below the limit of detection of a helium leak detector or 
whose nitrogen transmission rate it consists of a metallic-oxide system electrolyte, and the amount of 
gas transparency is [ thickness / 10-1000 micrometers and porosity ] 1x10-1 1 - 5x10 -five-mol [/m ] 2, a 
second, and Pa in 0.001-1 micrometer for 10 - 65%, and an average aperture. 

[Claim 2] Solid acid ghost porous membrane according to claim 1 which is the fully stabilized zirconia 
in which a metallic-oxide system electrolyte contains yttria or scandia. 

[Claim 3] Solid acid ghost porous membrane according to claim 1 which is a hollow fiber whose outer 
diameter is l-6mm. 

[Claim 4] Solid acid ghost porous membrane according to claim 1 which is a flat film. 

[Claim 5] Solid acid ghost porous membrane according to claim 1 used as a base material of the catalyst 

support film for gas separation or membrane type reactors. 

[Claim 6] Solid acid ghost porous membrane according to claim 1 used as a base material for solid 
electrolyte fuel cells. 

[Claim 7] The manufacturing method of the solid acid ghost porosity hollow fiber indicated by claim 1 
characterized by calcinating the hollow fiber obtained by carrying out dryness-and-moisture type 
spinning, using a freezing characteristic liquid as core liquid, and carrying out the dipping of the film 
production undiluted solution which consists of a high polymer solution which distributed metallic- 
oxide system electrolyte powder to a gelation bath at 1200-1600 degrees C. 
[Claim 8] The manufacturing method of the solid acid ghost porosity hollow fiber characterized by 
calcinating it at 1200-1600 degrees C after cutting aslant the hollow fiber obtained by carrying out 
dryness-and-moisture type spinning, using a freezing characteristic liquid as core liquid, and carrying 
out the dipping of the film production undiluted solution which consists of a high polymer solution 
which distributed metallic-oxide system electrolyte powder to a gelation bath about one end. 
[Claim 9] The manufacturing method of the solid acid ghost porosity hollow fiber according to claim 7 
or 8 which is the fully stabilized zirconia in which a metallic-oxide system electrolyte contains yttria or 
scandia. 

[Claim 10] The manufacturing method of the solid acid ghost porosity hollow fiber according to claim 7 
or 8 for which metallic-oxide system electrolyte powder 2 micrometers or less is used for mean particle 
diameter. 

[Claim 11] The manufacturing method of the solid acid ghost porosity flat film indicated by claim 1 
characterized by calcinating the flat film obtained by carrying out the cast of the film production 
undiluted solution which consists of a high polymer solution which distributed metallic-oxide system 
electrolyte powder by the doctor knife method, and carrying out a dipping to a gelation bath at 1200- 
1600 degrees C. 

[Claim 12] The manufacturing method of the solid acid ghost porosity flat film according to claim 1 1 
which is the fully stabilized zirconia in which a metallic-oxide system electrolyte contains yttria or 
scandia. 
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[Claim 13] The manufacturing method of the solid acid ghost porosity flat film according to claim 1 1 for 
which metallic-oxide system electrolyte powder 2 micrometers or less is used for mean particle 
diameter. 

[Claim 14] The solid acid ghost fuel cell which support a fuel electrode to the internal surface of a solid 
acid ghost porosity hollow fiber, and the outside surface was made to support an air pole, and attached 
the electric wire in each electrode and was produced. 

[Claim 15] The solid acid ghost fuel cell according to claim 14 with which the one end slanting cut 
hollow fiber was used as a solid acid ghost porosity hollow fiber. 

[Claim 16] The solid acid ghost fuel cell which support a fuel electrode to one field of a solid acid ghost 
porosity flat film, and the field of another side was made to support an air pole, and attached the electric 
wire in each electrode and was produced. 

[Claim 17] The solid acid ghost fuel cell according to claim 14 or 16 whose fuel electrode is NiO or a 
NiO/YSZ electrode and whose air pole is La0.8 Sr0.2 Mn03 electrode. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to solid acid ghost porous membrane and its 
manufacturing method. Furthermore, it is related with the solid acid ghost porous membrane effectively 
used in detail in fields, such as gas separation, and a membrane type reactor or a solid acid ghost fuel 
cell, and its manufacturing method. 
[0002] 

[Description of the Prior Art] The fully stabilized zirconia which made the zirconia contain yttria or 
scandia is high toughness in high-melting and high intensity, and its chemical stability in an elevated 
temperature is also high. Moreover, it has a property as a solid electrolyte which has oxygen ionic 
permeability at an elevated temperature. From this, as for the fully-stabilized-zirconia porous body, the 
application as a base material of catalyst support film for membrane type reactors, such as a base 
material for solid acid ghost fuel cells, gas separation, or an oxygen sensor, is expected. 
[0003] As a manufacturing method of the zirconia Plastic solid in the conventional technique, there are 
what is depended on an extrusion method (JP,3-183658,A, a 4-37646 official report, a 6-1 16027 official 
report, a 8-264197 official report, Patent Publication Heisei No. 507896 [ eight to ] official report), a 
thing (JP,7-240217,A) to depend on a doctor blade method. However, expensive metal mold and an 
expensive press machine were required for these approaches, and although it was possible for there to 
have been a problem that thin-film-izing is difficult, and to have manufactured a flat film and the tubing- 
like film low [ productivity ], it was difficult [ it ] to consider as the hollow fiber which raises the 
reacting weight per equipment unit volume. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention has few amounts of gas leaks, 
and is to offer the solid acid ghost porous membrane effectively used as gas separation, a base material 
of the catalyst support film for membrane type reactors, or a solid acid ghost fuel cell, etc., and its 
manufacturing method. 
[0005] 

[Means for Solving the Problem] By. this invention, it consists of a metallic-oxide systonvelectrolyte, the 
solid acid ghost porous membranejbelow the limit of detection of a helium leak detectqr|or whose 
nitrogen transmission rate the amount of gas transparency is[ thickness / 10-1000 micrometers and 
porosity ] 1x10-1 1 - 5x10 -five-mol [/m ] 2, a second, and Pajln 0.001-1 micrometer for 10 - 65% and an 
average aperture is offered, and porous membrane may have the shape of the shape of a hollow fiber, 
and a flat film etc. 

[0006] Solid acid ghost porous membrane is manufactured by calcinating the film obtained by carrying 
out dryness-and-moisture type spinning of the film production undiluted solution whic^qnsi^of a 
TuglTpolymer solution wHic HliisfiiEuteS metalli^oxidg system ejec^Ytepo^er, or carrying outlhe 
cast and carrying oufTdipping to a gelation baSTby *e doctor Sufemethod at 1200-1600 degrees C. 
[0007] 
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[Embodiment of the Invention] If the metallic-oxide system electrolyte powder with which zirconia 
system powder, the Seria system powder, lanthanum gallate system powder, etc. are used has large 
particle diameter, since it will be hard coming to sinter, a thing 2 micrometers or less is fond, and mean 
particle diameter is used. Moreover, powder is preferably used by 55 - 75% of the weight of 
concentration 20 to 85% of the weight among a film production undiluted solution. In the concentration 
not more than this, a sintered compact is not obtained but, on the other hand, formation of a hollow fiber 
becomes difficult by the concentration beyond this. 

[0008] It dissolves in an organic solvent, as a high polymer used for preparation of a film production 
undiluted solution, if it is pyrolysis nature, the thing of arbitration can be used, for example, polysulfone, 
polyamidoimide, polyether imide, a polyacrylonitrile, cellulose acetate, etc. are used. These high 
polymers are preferably used at 6 - 12% of the weight of a rate four to 20% of the weight among a film 
production undiluted solution. Formation of a hollow fiber becomes difficult, and the viscosity of a film 
production undiluted solution becomes high, and it becomes impossible to produce a film with the 
concentration beyond this on the other hand by the concentration not more than this. 
[0009] Although the thing of arbitration can be used as an organic solvent in which these high polymers 
are dissolved if a high polymer is dissolved, aprotic polar solvents, such as dimethylformamide, a 
diethyl formamide, dimethylacetamide, a diethyl acetamide, dimethyl sulfoxide, and a N-methyl-2- 
pyrrolidone, are fond, and are used, for example. 

[0010] The film production undiluted solution which consists of each of these components has the 
viscosity as low as about one to 10 Pa-s in a room temperature, and since removal of the air bubbles out 
of a film production undiluted solution can carry out easily, a pinhole etc. cannot generate it easily in the 
solid acid ghost after baking. Moreover, the extrusion of that can impress the pressure of about 0.05 to 
0.5 MPa to this, does not need expensive equipment for extrusion, but fills a film production undiluted 
solution to the usual pressurized container, and is [ its extrusion rate is also as quick as a part for about 
5-1 5m/, and ] excellent in mass-production nature. Film production using such a film production 
undiluted solution is performed by carrying out dryness-and-moisture type spinning, using as core liquid 
a freezing characteristic liquid and the aquosity liquid generally represented bywater, or carrying out the 
cast and carrying out a dipping to a gelation bath by the doctor knife method. 
[001 1] Here, when using a hollow fiber as a solid acid ghost fuel cell, it is desirable to use the bipolar 
membrane one end section by the damp or wet condition, to use a cutter etc. after spinning, and to cut 
aslant. This of the usual hollow filament is tubular, and since junction of an internal-surface electrode 
and an electric wire serves as a complicated activity, it is performed for the purpose of the internal 
surface of a hollow filament being put outside by cutting the edge of a hollow filament aslant. Although 
it is sufficient for the part to cut if the die length which can perform junction to an electrode smoothly is 
secured, and not limited especially, it is usually about about 10-20mm. Most deformation is not seen 
even if it can be bent since the hollow fiber behind spinning is pliant, the configuration, for example, the 
U tube configuration etc., of arbitration etc., and it cuts it by the damp or wet condition. 
[0012] A solid acid ghost porosity hollow fiber is given by calcinating preferably 1200-1600 degrees C 
of hollow fibers of this damp or wet condition at 1250-1500 degrees C. Since gas permeability will not 
change even if sintering [ of a hollow fiber ] becomes inadequate, porosity becomes large, a mechanical 
strength is spoiled and it calcinates at temperature higher than this on the other hand if burning 
temperature is lower than this, it is a loss in energy. Moreover, about 1-12 hours of firing time are 
desirable, and a short paddle case or when long, the result same when burning temperature is low 
respectively as the case of being high is brought from this. In addition, baking is performed about what 
cut the edge of a hollow fiber, and most deformation is not seen about the baking back, either. 
[0013] Thus, as for the solid acid ghost hollow fiber obtained, although porosity is'[ 10 - 65% and an 
average aperture ] 0.001-1 micrometer and a porous body, below the limit of detection ot a heliu mjeak 
detector or a nitrogen transmission rate has [ the amount of gas transparency ] few 1x10-1 1 - 5x10 -five- 
mol [/m ] 2, seconds and Pa, and amounts of gas leaks. Moreover, the hollow fiber of an arbitration 
configuration can be obtained by changing the nozzle dimensions at the time of spinning. However, 
since the reinforcement of a hollow fiber will become weak if thickness is too thin, maintenance of a 
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hollow fiber configuration will become difficult at the time of baking if an outer diameter is small, and 
spinning will become difficult on the other hand if an outer diameter is large, it is desirable that 
thickness is about 10-1000 micrometers, and an outer diameter is about l-6mm. Moreover, 
accommodation of the amount of gas leaks is possible by adjusting temperature, time amount, etc. of the 
presentation of a film production undiluted solution, and baking. 

[0014] A fuel electrode (for example, NiO or NiO/YSZ) is supported on the inside front face of tubing 
of a hollow fiber, it supports an air pole (for example, La0.8 Sr0.2 Mn03) on an outside front face, and 
this solid acid ghost hollow fiber attaches an electric wire in each electrode, and is effectively used as a 
fuel cell by tying a load to this electric wire and considering as a cell configuration. In addition, this fuel 
cell is in the condition heated at 700-1000 degrees C, and is generated by pouring fuels, such as 
hydrogen, a carbon monoxide, or methane, inside, and pouring oxygen or air outside. 
[001 5] Moreover, solid acid ghost porous membrane can be fabricated not only the shape of a hollow 
fiber but the shape of the shape o f a flat film, and honeycomb film etc. a flat film-like case — the field 
side of one of these ~ fuel electrodes (NiO or NiO/YSZ electrode) — moreover, the field of another side 
can be made to be able to support air poles (La0.8 Sr0.2 Mn03 electrode etc.), and a solid acid ghost 
fuel cell can be made to form by attaching an electric wire in each electrode 

[0016] This fuel cell is in the condition heated at about 700-1000 degrees C, and is generated by pouring 
the fuel of H2, CO, and CH4 grade to a fuel electrode side, and pouring 02 or air to an air pole side. 
[0017] 

[Effect of the Invention] By this invention, though it is a porous body, the solid acid ghost film with few 
below the limit L ofdetection of a helium leak_detector or die nitrogen transmission rates in 1x10-1 1 - 
5x10 -five-mol [7m ] 2, a second and Pa, and the amount of gas leaks is offered for the amount of gas 
transparency. Eburnation advances partially with advance of sintering and the hollow fiber o f the 
symmetry structure which produced this, using a zirconia as ceramics shows that a hollow fiber with few 
amounts of gas leaks than the case of the conventional alumina hollow fiber predicted from porosity or 
an average aperture etc. is formed. 

[0018] The solid acid ghost porosity hollow fiber of this invention which shows such a property is 
effectively used as the base material of the catalyst support film for gas separation or membrane type 
reactors, or an electrode support base material of a solid acid ghost fuel cell. When especially used as an 
electrode support base material of a solid acid ghost fuel cell, although it is a hollow filament therefore, 
breaking strength can be made larger than the flat film of the same thickness by adjusting the diameter 
of inside and outside, and since the volume is small, it has the description that the temperature gradient 
in the solid acid ghost at the time of a temperature up and a temperature fall is small, and the destruction 
based on a differential thermal expansion is controlled. In this case, by cutting the edge of a hollow 
filament aslant, the internal surface of a hollow fiber is put outside and does so the effectiveness that 
junction on an internal electrode and an electric wire becomes easy. Furthermore, it can use for the 
purpose similarly as the shape of a flat film. ' , 

[0019] 

[Example] Next, this invention is explained about an example. 

[0020] example 1 yttria content zirconia powder (Daiichi Kigenso Kagaku Kogyo product HSY-8; 
20yttria Y3 content % of eight mols --) The film production undiluted solution which consists of 
mixture (mean-particle-diameter [ of 0.24 micrometers / of 500g ], and polysulfone (UCC product P- 
1700) 40g, and dimethylformamide 200g) A duplex annular nozzle with 1.2mm [ of diameters of an 
inner tube ] and an outer diameter of 3.3mm is used. A part for core liquid(water) flow rate/of 45ml, 
Dryness-and-moisture type spinning was carried out under the distance between a part for /, and film ' . 

production undiluted solution flow rate nozzle delivery [ of 20ml ]-gelation baths of 5cm, the gelation 
bath( water) temperature of 25 degrees C, and 10m conditions for /in spinning rate, and the outer 
diameter of 2.0mm and the compound hollow fiber of 300 micrometers of thickness were obtained. 
[0021] The outer diameter of 1.8mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1400 degrees C for 1 hour. When measured 
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by the mercury-porosimeter method about this hollow fiber, they were 1 1% of porosity, and 0.1 
micrometers of average apertures. Moreover, when the transmission rate of a nitrogen gas simple 
substance was measured under the conditions of the measurement temperature of 100 degrees C, supply- 
pressure 150kPa, and transparency lateral pressure lOOkPa, the value of 1x10 -ten-mol [/m ] 2, a second, 
and Pa was acquired. 

[0022] The film production undiluted solution which consists of mixture (300g [ of example 2 yttria 
content zirconia powder ] (HSY-8), and polysulfone (P-1700) 30g, and dimethylformamide 200g) A 
duplex annular nozzle with 1 .2mm [ of diameters of an inner tube ] and an outer diameter of 3.3mm is 
used. A part for core liquid(water) flow rate/of 45ml, Dryness-and-moisture type spinning was carried 
out under the distance between a part for /, and film production undiluted solution flow rate nozzle 
delivery [ of 20ml ]-gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 
15m conditions for /in spinning rate, and the outer diameter of 2.0mm and the compound hollow fiber of 
300 micrometers of thickness were obtained. 

[0023] The outer diameter of 1 ,8mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained compound 
hollow fiber with 5-degree-C programming rate for /, and calcinating at 1400 degrees C for 1 hour. 
When measured by the mercury-porosimeter method about this hollow fiber, they were 30% of porosity, 
and 0.1 micrometers of average apertures. Moreover, when the nitrogen transmission rate was measured 
under the conditions of the measurement temperature of 100 degrees C, supply-pressure 150kPa, and 
transparency lateral pressure lOOkPa, the value of 4x10 -nine-mol [/m ] 2, a second, and Pa was 
acquired. 

[0024] example 3 y ttria content zirconia powder (company product HSY-8; 20yttria Y3 content % of 
eight mols --) The film production undiluted solution which consists of mixture (mean-particle-diameter 
[ of 1 micrometer / of 500g ], and polysulfone (P-1700) 80g, and dimethylformamide 350g) A duplex 
annular nozzle with 2.5mm [ of diameters of an inner tube ] and an outer diameter of 4.0mm is used. A 
part for core liquid(water) flow rate/of 80ml, Dryness-and-moisture type spinning was carried out under 
the distance between a part for /, and film production undiluted solution flow rate nozzle delivery [ of 
40ml ]-gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 5m conditions 
for /in spinning rate, and the outer diameter of 3.6mm and the hollow fiber of 2 50 micrometers of 
thickness were obtained. ~ 

[0025] The outer diameter of 2.4mm and the straight fully-stabilized-zirconia hollow fiber of 150 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1400 degrees C for 2 hours. When measured 
by the mercury-porosimeter method about this hollow fiber, they were 37% of porosity, and 0.2 
micrometers of average apertures. Moreover, when the nitrogen transmission rate was measured under 
the conditions of the measurement temperature of 100 degrees C, supply-pressure 150kPa, and 
transparency lateral pressure lOOkPa, the value of 1x10 -seven-mol [/m ] 2, a second, and Pa was 
acquired. 

[0026] The outer diameter of 2.4mm and the straight fully-stabilized-zirconia hollow fiber of 150 
micrometers of thickness were obtained by carrying out the temperature up of the hollow fiber obtained 
in the example 4 example 3 with 5-degree-C programming rate for /, and calcinating at 1450 degrees C 
for 8 hours. When measured by the mercury-porosimeter method about this hollow fiber, they were 21% 
of porosity, and 0.1 micrometers of average apertures. Moreover, when the nitrogen transmission rate 
was measured under the conditions of the measurement temperature of 100 degrees C, supply-pressure 
150kPa, and transparency lateral pressure lOOkPa, the value of 3x10 -nine-mol [/m ] 2, a second, and Pa 
was acquired. 

[0027] The outer diameter of 2.4mm and the straight fully-stabilized-zirconia hollow fiber of 150 
micrometers of thickness were obtained by carrying out the temperature up of the hollow fiber obtained 
in the example 5 example 3 with 5-degree-C programming rate for /, and calcinating at 1500 degrees C 
for 8 hours. When measured by the mercury-porosimeter method about this hollow fiber, they were 17% 
of porosity, and 0.06 micrometers of average apertures. Moreover, when the nitrogen transmission rate 
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was measured under the conditions of the measurement temperature of 100 degrees C, supply-pressure 
150kPa, and transparency lateral pressure lOOkPa, the value of 1x10 -ten-mol [/m ] 2, a second, and Pa 
was acquired. 

[0028] After cutting the hollow fiber of the damp or wet condition acquired in the example 6 example 1 
in die length of 45cm, it cut aslant using the cutter. Then, the outer diameter of 1.8mm and the straight 
fully-stabilized-zirconia hollow fiber of 250 micrometers of thickness were obtained by carrying out the 
temperature up of the obtained compound hollow fiber with 5-degree-C programming rate for /, and 
calcinating at 1400 degrees C for 1 hour. When measured by the mercury-porosimeter method about this 
hollow fiber, they were 1 1% of porosity, and 0.1 micrometers of average apertures. Moreover, when the 
transmission rate of a nitrogen gas simple substance was measured under the conditions of the 
measurement temperature of 100 degrees C, supply-pressure 150kPa, and transparency lateral pressure 
lOOkPa, the value of 1x10 -ten-mol [/m ] 2, a second, and Pa was acquired. 
[0029] Thus, the solid electrolyte fuel cell was produced by attaching a NiO/YSZ electrode in the 
internaLsurfac e^of the obtained fully-stabilized -zirco nia hollo\y fiber, and attaching an electric wire in 
each electrode after supporting La0.8 Sr0.2 Mn(X3~electrode to an outside surface. 
[0030] example 7 scandia content zirconia powder (company product ScSZ; 20scandia Sc3 content % 
of 1 1 mols -) The film production undiluted solution which consists of mixture (mean-particle-diameter 
[ of 0.6 micrometers / of 450g ], and polysulfone (P-1700) 40g, and dimethylformamide 200g) A duplex 
annular nozzle with 1.0mm [ of diameters of an inner tube ] and an outer diameter of 3.0mm is used. A 
part for core liquid(water) flow rate/of 45ml, Dryness-and-moisture type spinning was carried out under 
the distance between a part for /, and film production undiluted solution flow rate nozzle delivery [ of 
20ml ] -gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 12m conditions 
for /in spinning rate, and the outer diameter of 1 .8mm and the hollow fiber of 300 micrometers of 
thickness were obtained. 

[003 1] The outer diameter of 1 .6mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1250 degrees C for 1 hour. When measured 
about this hollow fiber using the Micromeritics pore riser 9310, it was porosity [ of 45% ], mean- 
particle-diameter [ of 0.1 micrometers ], and rate of specific surface 5m2/g. Moreover, when the 
transmission rate of a nitrogen gas simple substance was measured under the conditions of the 
measurement temperature of 100 degrees C, supply-pressure 150kPa, and transparency lateral pressure 
lOOkPa, the value of 1 .5x10 -five mols /, m2, a second, and Pa was acquired. 
[0032] example 8 yttria content zirconia powder (TOSOH product TZ8Y; 20yttria Y3 content % of 
eight mols ») The film production undiluted solution which consists of mixture (mean-particle-diameter 
[ of 0.6 micrometers / of 500g ], and polysulfone (P-1700) 40g, and dimethylformamide 200g) A duplex 
annular nozzle with 1.2mm [ of diameters of an inner tube ] and an outer diameter of 3.3mm is used. A 
part for core liquid( water) flow rate/of 45ml, Dryness-and-moisture type spinning was carried out under 
the distance between a part for /, and film production undiluted solution flow rate nozzle delivery [ of 
20ml ]-gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 10m conditions 
for /in spinning rate, and the outer diameter of 2.0mm and the hollow fiber of 300 micrometers of 
thickness were obtained. 

[0033] The outer diameter of 1.8mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1250 degrees C for 1 hour. When measured 
about this hollow fiber using the Micromeritics pore riser 93 10, it was porosity [ of 50% ], mean- 
particle-diameter [ of 0. 1 micrometers ], and rate of specific surface 4m2/g. Moreover, when the 
transmission rate of a nitrogen gas simple substance was measured under the conditions of the 
measurement temperature of 100 degrees C, supply-pressure 150kPa, and transparency lateral pressure 
lOOkPa, the value of 2x10 -five mols /, m2, a second, and Pa was acquired. 

[0034] The film production undiluted solution which consists of mixture (500g [ of example 9 yttria 
content zirconia powder ] (TZ8Y), and polysulfone (P-1700) 40g, and dimethylformamide 200g) A 
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duplex annular nozzle with 1 ,2mm [ of diameters of an inner tube ] and an outer diameter of 3.3mm is 
used. A part for core liquid(water) flow rate/of 45ml, Dryness-and-moisture type spinning was carried 
out under the distance between a part for /, and film production undiluted solution flow rate nozzle 
delivery [ of 20ml ]-gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 
10m conditions for /in spinning rate, and the outer diameter of 2.2mm and the hollow fiber of 300 
micrometers of thickness were obtained. 

[0035] The outer diameter of 2.0mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1300 degrees C for 1 hour. When measured 
about this hollow fiber using the Micromeritics pore riser 9310, it was porosity [ of 40% ], mean- 
particle-diameter [ of 0.1 micrometers ], and rate of specific surface 4m2/g. 

[0036] After cutting the hollow fiber of the damp or wet condition acquired in the example 10 example 9 
in die length of 30cm, it cut aslant so that a tip might become the include angle which is 30 degrees 
using a cutter. Then, the outer diameter of 2.0mm and the straight fully-stabilized-zirconia hollow fiber 
of 250 micrometers of thickness were obtained by carrying out the temperature up of the obtained 
compound hollow fiber with 5-degree-C programming rate for /, and calcinating at 1300 degrees C for 1 
hour. When measured about this hollow fiber using the Micromeritics pore riser 9310, it was porosity 
[ of 40% ], mean-particle-diameter [ of 0.1 micrometers ], and rate of specific surface 4m2/g. 
[0037] After carrying out the cast of the film production undiluted solution which consists of mixture 
(500g [ of example 1 1 yttria content zirconia powder ] (TZ8Y), and polysulfone (P-1700) 40g, and 
dimethylformamide 200g) using a doctor knife, the dipping was immediately carried out during the 25- 
degree C gelation bath(water), and the flat film with a thickness of 300 micrometers was obtained. 
[0038] The even fully-stabilized-zirconia flat film with a thickness of 250 micrometers was obtained by 
carrying out the temperature up of the obtained flat film with 5-degree-C programming rate for /, and 
calcinating at 1300 degrees C for 1 hour. When measured about this flat film using the Micromeritics 
pore riser 9310, it was porosity [ of 40% ], mean-particle-diameter [ of 0.1 micrometers ], and rate of 
specific surface 4m2/g. 

[0039] The film production undiluted solution which consists of mixture (450g [ of example 12 scandia 
content zirconia powder ] (ScSZ), and polysulfone (P-1700) 40g, and dimethylformamide 200g) A 
duplex annular nozzle with 1 .0mm [ of diameters of an inner tube ] and an outer diameter of 3.0mm is 
used. A part for core liquid(water) flow rate/of 45ml, Dryness-and-moisture type spinning was carried 
out under the distance between a part for /, and film production undiluted solution flow rate nozzle 
delivery [ of 20ml ]-gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 
12m conditions for /in spinning rate, and the outer diameter of 1 .8mm and the hollow fiber of 300 
micrometers of thickness were obtained. 

[0040] The outer diameter of 1 .6mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1300 degrees C for 1 hour. When measured 
about this hollow fiber using the Micromeritics pore riser 9310, it was porosity [ of 40% ], mean- 
particle-diameter [ of 0.1 micrometers ], and rate of specific surface 4m2/g. 

[0041] The solid acid ghost fuel cell was produced by attaching a NiO/YSZ electrode in the internal 
surface of the fully-stabilized-zirconia hollow fiber obtained in the examples 9, 10, and 12, and attaching 
an electric wire in each electrode after supporting La0.8 Sr0.2 Mn03 electrode to an outside surface. 
Moreover, the solid acid ghost fuel cell was produced by attaching a NiO/YSZ electrode in one field of 
the fully-stabilized-zirconia flat film obtained in the example 11, and attaching an electric wire in each 
electrode after supporting La0.8 Sr0.2 Mn03 electrode to the field of another side. 
[0042] The film production undiluted solution which consists of mixture (500g [ of example 13 yttria 
content zirconia powder ] (TZ8Y), and polysulfone (P-1700) 40g, and dimethylformamide 200g) A 
duplex annular nozzle with 1.2mm [ of diameters of an inner tube ] and an outer diameter of 3.3mm is 
used. A part for core liquid(water) flow rate/of 45ml, Dryness-and-moisture type spinning was carried 
out under the distance between a part for /, and film production undiluted solution flow rate nozzle 
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delivery [ of 20ml ]-gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 
10m conditions for /in spinning rate, and the outer diameter of 2.2mm and the hollow fiber of 300 
micrometers of thickness were obtained. 

[0043] The outer diameter of 2.0mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1500 degrees C for 12 hours. When 
measured about this hollow fiber using the Micromeritics pore riser 9310, it was porosity [ of 13% ], 
mean-particle-diameter [ of 0.04 micrometers ], and rate of specific surface lm2/g. Moreover, when the 
amount o f leaks of gaseous helium was measurejdJbyJhe^Shimad^u heJiumle akjdetectQr^ 
^^nt ^leaks below detecti on in_2Jjlci^ 
jDro^ucls. 

[0044] After cutting the hollow fiber of the damp or wet condition acquired in the example 14 example 
13 in die length of 30cm, it cut aslant so that a tip might become the include angle which is 30 degrees 
using a cutter. Then, the outer diameter of 2.0mm and the straight fully-stabilized-zirconia hollow fiber 
of 250 micrometers of thickness were obtained by carrying out the temperature up of the obtained 
hollow fiber with 5-degree-C programming rate for /, and calcinating at 1500 degrees C for 12 hours. 
When measured about this hollow fiber using the Micromeritics pore riser 93 10, it was porosity [ of 
13% ], mean-particle-diameter [ of 0.04 micrometers ], and rate of specific surface lm2/g. Moreover, 
when the amount of leaks of gaseous helium was measured by the Shimadzu helium leak detector, it was 
the amount of leaks below detection sensitivity (3x10-1 1 Pa-m3/second) in 2 10cm of effective film 
surface products. 

[0045] After carrying out the cast of the film production undiluted solution which consists of mixture 
(500g [ of example 15 yttria content zirconia powder ] (TZ8Y), and polysulfone (P-1700) 40g, and 
dimethylformamide 200g) using a doctor knife, the dipping was immediately carried out during the 25- 
degree C gelation bath(water), and the flat film with a thickness of 300 micrometers was obtained. 
[0046] The even fully-stabilized-zirconia flat film with a thickness of 250 micrometers was obtained by 
carrying out the temperature up of the obtained flat film with 5-degree-C programming rate for /, and 
calcinating at 1 500 degrees C for 12 hours. When measured about this flat film using the Micromeritics 
pore riser 93 10, it was 13% [ of porosity ], 0.04 micrometer [ of average apertures ], and rate of specific 
surface lm2/g. Moreover, when the amount of leaks of gaseous helium was measured by the Shimadzu 
helium leak detector, it was the amount of leaks below detection sensitivity (3x10-1 1 Pa-m3/second) in 
2 10cm of effective film surface products. 

[0047] The film production undiluted solution which consists of mixture (450g [ of example 16 scandia 
content zirconia powder ] (ScSZ), and polysulfone (P-1700) 40g, and dimethylformamide 200g) A 
duplex annular nozzle with 1 .0mm [ of diameters of an inner tube ] and an outer diameter of 3.0mm is 
used. A part for core liquid( water) flow rate/of 45ml, Dryness-and-moisture type spinning was carried 
out under the distance between a part for /, and film production undiluted solution flow rate nozzle 
delivery [ of 20ml ]-gelation baths of 5cm, the gelation bath(water) temperature of 25 degrees C, and 
12m conditions for /in spinning rate, and the outer diameter of 1 .8mm and the hollow fiber of 300 
micrometers of thickness were obtained. 

[0048] The outer diameter of 1 .6mm and the straight fully-stabilized-zirconia hollow fiber of 250 
micrometers of thickness were obtained by carrying out the temperature up of the obtained hollow fiber 
with 5-degree-C programming rate for /, and calcinating at 1500 degrees C for 12 hours. When 
measured about this hollow fiber using the Micromeritics pore riser 93 10, it was 1 1% [ of porosity ], 
0.03 micrometer [ of average apertures ], and rate of specific surface lm2/g. Moreover, when the 
amount of leaks of gaseous helium was measured by the Shimadzu helium leak detector, it was the 
amount of leaks below detection sensitivity (3x10-1 1 Pa-m3/second) in 2 10cm of effective film surface 
products. 



[Translation done.] 
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